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METHODS OF TREATING HAIR 



BACKGROUND OF THE INVENTION 
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Field of the Invention 

[0001] The present Invention relates to oomposHions and methods of use 
In the treatment of hair. 

Background 

[0002] Hair Is composed of a dass of natural fibrous proteins called 
teiaUn. TMs is the same Mnd of protein that makes iqp the ntiis and the 
outer layer of sidn. The softer keratins are components of the external 
layers of skin, wool, hdr and featherSt wMIe the harder types predominate In 
nails, claws and hoofe. A cross section taken through a terminal hair shaft 
reveals two distinct components, the cuticle and ttie cortex. The cuticle Is 
the outenrtost surface of the hair shaft and is composed of a very hard 
keretinous substance, while the inner bulk of the hair is composed of a more 
fibrous keratin and is known as the cortex. A third element the medulla, is 
composed of a softer keratin-rich matarial and its occurrence In human hair 
appeare to be variable, and is typically foimd in large, thidc haire. 

[0003] Chemically, keratin is an Insoluble protebiaceous complex 
composed of high molecular weight polypept'de chains. These polypeptide 
chains are composed of a series of amino ackls Joined head-to-tail by 
peptide linkages, the actual properties of the polypeptide being determined 
by the number, type and order of amino adds In the chain. T^Dlcally, 
keratins are insoluble In organic solvents but do atisoib and hold water. 



■ wo 03/075869 PCT/US03/07087 



[0004] The cutideofhalrgeneiaUyconsisteofflattBned platelets of ^ 
amorphous keratin, wrapped around the hair shaft in several layers, each 
layer overlapping the adjacent one progressing from the root of the hair to its 
5 . tip. The condition of the cutide is responsible for the pubmrd appearance of 
the hair and dictates the attributes of foe) and shine. In virgin hair, the 
cutide platelets lay flat against each other and are flniily adhered to the 
cortex, giving rise to a very smooth feeling surfeoe with a high degree of 
shine. If the hair Is subjected to environmental or physical damage, the 
10 cutide platelets can become chipped, raised or even detached completely, 
exposing the cortex underneath. This gives rise to hair In poor condition, 
which feels rough to the touch and Is dull In appearance. 

[0005] The most frequent cause of hair damage Is mechaniral abrasion. 
IS Really combing or bnashing. often in combination with the use of hair 

treatment products such as penning lotions, colorants or even shampoos. 

The e)dent of physical damage depends, to a large extent, on the coeffidrnt 

of friction between the comb or brush and the surface of the hair iteelf. This 

value rises dramaflcaily if the hair is wet with the consequence that far more 
20 damage Is normally Infllded to the hair if It la combed or bmshed when wet, 

rather than when dry. The cutide of the hair is also responsible for the 

water repellent properties of the hair, if the cutide is badly damaged or 
. removed completely, water rapidly penetrates the cortex which subsequently 

swells, making the hair more pione to further mediardcai damage. 

25 

[0006] Various compositions and methods have been used to prevent or 
treat damaged hair. U.S. Patent No. 3.864.475, for example, relates to a 
method of treating human hair to enhance softness and Improve the general 
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appearance by inflmateiy contacting the hair with an aqueous treating 
composition containing wafer and a catalyticaily effective amount of a 
catalyst The catalyst may be prepared by admbdng a water soluble alkali 
metal silicate witti an aqueous medium containing a dissolved substance 
5 which is source of calcium ion and a dissolved substance which is a source 
of magnesium ion to produce a finely divided or colloidal suspension of ttie 
reacQon product The colloidal suspension Is then agitated sufiident^ in the 
prssence of a mioelie-fomilng surfactant to form catalyst-containing 
mioeliees. 

10 

[0007] U.S. Patent No. 3,958,581 relates to the treatment of degraded hair 
by use of cosmetic compositions containing at least one cationic polymer 
and at least one non-toxic salt of a divalent metal. 

IS [0008] U.S. Patent No. 5,635.168 teadies compositions and methods for 
beating iiair using an aqueous composition of at least 1 % by weight total of 
one or mors polyvalent metal compounds; a sulfur-containing material that 
has an average moleckilar weight of 1 0,000 or less that can form disulfide 
bonds involving the kenaUn of the hair, and whose sulfur content Is at least 

20 about 1 % by weight; and opOonaliy, an acid. 

[0009] There Is a continuing need in the art for a hair treatment and 
oomppsition which builds body in hair and provides smooth, sillcy hair. The 
methods and compositions of the present invention provide such 
25 compositions and treatment 
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BRIEF SUMMARY OF THg INVENTION 

[001 0] Methods for treating hair are disclosed. These methods Induda 
treating hair with bloactive glass compositions which comprises particulate 
bloactlve glass or bioactlva glass extracts. The bioadtve glass oomposKiohs 
S may further comprise a carrier and/or optional components useful In hair 
treatment fomnulations. 

[POII] In one aspect of the frwentlon, the method comprises applying an 
sfiiBctiva hair-«nhanclng amount of a bfoacUve glass composition to the hair 

10 for a sufficient amount of fime such that the hair Is coated virith the bloactive 
glass composition. The coating comprises a film comprising silicon, 
caidum. and/or phosphorus ions which may interact vWth the hair. 
Addltionaiiy, sodium or other Ims released from the bloactive glass 
composition may be present. The hair after applicafion of the bloactive glass 

IS composition is smooth and silky with increased body. 

[OOiq in another aspect of the Invention, the method comprises applying 
an effectivB hair-enhandng amount of bloaciive glass extractCs) (solutions 
with Ions and substantially no partides) to the hair for a suffident amount of 
20 time such ttiat the hair Is coated vritti a pradpitated film or coating 

comprising slOcon, phosphoroij» and caldum. Additionally, sodium or otiier 
Ions released from ttie bloactive glass extracts may be present 

0)013] In anottier aspect of the Invention, the method comprises applying 
25 a shampoo or conditioner to hair, the shampoo or conditioner comprising an 
effective hair-enhandng amount of a bioacOve glass composition which may 
comprise non-interllnked partides of bloactive glass or bloactive glass 
.extract 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[001 4] Figure 1 1s a scanning electron microscopy (SEM) micrograph at a 
magnification of SOOx showing film formation on hair aftar treatment with the 
bioactive glass and trte buffer fomnulation of Group #1 described in the 
5 Example. 

[0015] Figure 2 Is s scanning electron microscopy (SEM) micrograph at a 
magnification of 45Q0x showing film formation on hair after treatment with 
the bloacOve glass and tris bufliBr fonnulatlon of Group #1 described In the 
10 Example. 

[0016] Figure 3 Is an Energy Dispersive Spectrometer (EDS) spectaim 
showing the presence of silicon, calcium and phosphorus on hair after 
treatment wKt) the bloacUve glass and trls buffer formulation of Group #1 
15 described In the Example. 

[0017] Rgure 4 is a Fourier Transfonm Infrarsd Spectroscopy (FTIR) 
spectmm which Illustrates that the calcium and phosphorus in the film are In 
the form of crystalline hydrosQfapatite. 

20 

[0018] Figure 5 Is a scanning electron microscopy (SEM) micrograph at a 
magnification of SOOx shovring film fbrmaflon on hair after treatment with the 
bioactive glass extract formulation of Group #2 described In the Example. 

25 [0019] Rgure 6 is a scanning electron microscopy (SEM) micrograph at a 
magnification of 4500x showing film fomiation on hair after treatment with 
the bioactive glass extract fomiulafion of Group 1t2 described in the 
Example. 
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p)020] Figure 7 is an Energy Dispersive Spectrometer (EDS) spectrum 
showing the presence of silicon, calcium and phosphorus on hair after 
treatment with the bioacUve glass extract formulation of Group it2 described 
in the Example. 

5 

[0021] Rgure 8 is a scanning electron microscopy (SEM) micrograph at a 
magnification of 50Qx showing lack of film formation on hair after treatment 
with the trls buffer control for Groups #1 and #2 described In the Example. 

10 [P022] Figure 9 Is a scanning electron micnosoopy (SEM) micrograph at a 
magnification of 4500x showing lade of film formation on hair after treatment 
with the trls buffer oontrol for Groups #1 and ^ described in the Example. 

[0023] Rgure 1 0 is an Energy Dispersive Spectrometer (EDS) spectrum 
IS showing the absence of silicon, calcium and phosphorus on fialr after 

treatment with the trie buffer control for Groups #1 and #2 described in the 
Example. 

[0024] Figure 1 1 1s a scanning electnxi microscopy (SEM) micrograph at a 
20 magpificafion of SOQx showing film fbrmatlon on hair after treatment with the 
bloadive glass, tils buffer and shampoo fionmulatlon of Group #3 described 
\s\ the Example. 

[0025] Rgure 1 2 is a scanning electron microscopy (SEM) micrograph at a 
25 magnification of 4500x showing film formation on hair after treatment with 
the bioacttve glass, trls buffer and siiampoo formulation of Group #3 
described in the Example. 
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[0026] Rgure 13 is an Energy Dispersive Spectrometer (EDS) spectrum 
showing the presence of silicon, caldum and phosphorus on hair after 
treatment with the btoactiva glass, tria buffer and shampoo formulation of 
Group #3 described In the Example. 

[0027] Rgure 14 Is a scanning electron microscopy (SEM) micrograph at a 
magnificatton of SOOx showring film fmnation on hair after treatment wf&i the 
bloacUve glass extract and shampoo formulation of Group #4 described In 
the Example. 

10 

[0028] Rgure 15 is a scanning electron microscopy (SEM) micrograph at a 
magnification of 4500x showing Aim formation on hair after treatment with 
the bloacthre glass extract and shampoo formulation of Group #4 described 
In the Example. 

15 

[0029] Figure 16 is an Energy Dispersive Spectrometer (EDS) spectrum 
showing the presence of eliioon. caldum and phosphorus on hair after 
treatment with the bioacQve glass extract and shampoo formulation of Group 
#4 desGril)ed in the Example. 

20 

pi030] Rgura 1 7 is a scanning electron microscopy (SEM) micrograph at a 
magnification of SOOx showing laclc of film formation on hair after treatment 
with the tris buffer and shampoo control for Groups #3 and #4 des«ibed in 
the Example. 

25 

[0031] Rgura 18 is a scanning electron microscopy (SEM) micrograph at a 
magnifiration of 4500x showing lade of film formation on hair after treatment 
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with the tris buffer and shampoo control for Groups #3 and #4 described in 
the Exampie. 

p)032] Rgure 1 9 is an Energy Dispereive Specbometer (EDS) spectrum 
5 showing the absence of silicon, calcium and phosphorus on hair after 
treatment with the Iris buffer control for Groups #3 and #4 described in the 
Example. 

DETAILED DESCRIPTION OF THE INVENTION 
10 [0033] The hair treatment methods of the present invention involve 
application to hair of bioacttve glass compositions comprising particulate 
bioacQve glass or bioactive glass extract. The treatment p^o^rides a film on 
the hair which results in hair with greater body, smoothness and sllkiness. 
The hair treated may be hair from or on any mammal such as hair on dogs . 
15 or cats, but preferably vAll be human hair. 

1)0034] As used herein, the terms "bioactive glass" w "biologically active 
glass" mean an inorganic glass material having an oxide of silicon as its 
major component and which is capable of bonding with growing tissue when 
2d reacted sM\ physioiogicai fluids. 

[0035] Bioactive glasses are well Icnown to those skflted in the art, and are 
disclosed, for example, In An IntmducSon to Btocemmlcs, L. Hench and J. 
Wilson, etds. Wortd Scientific, New Jersey (1993). The bioactive glass of 
25 the present Invention typically will contain about 40 to about 86 % by weight 
of silicon dioxide (SIO2), about 0 to about 35 % by weight of sodium oxide 
(Na20), about 4 to about 46 % by weight calcium wide (CaO). and about 1 
to about 15 % by weight phosphoms oxide (P2O5). Preferably, the silicon 
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dioxide Is present in an amount of about 40 to about 68 % by weight, the 
sodium oxide is present In an amount of about 5 to about 30 % by weight 
the caldum oxide is present in an amount of about 10 to about 35 % by 
weight and the phosphonjs oxide is present in an amount of about 1 to 
5 about 12 % by weight The oxides may be present as solid solutions or 
mbced oxides, or as mixture of oxides. 

lOOaq One or more of CaF2,B2Q3.Ai203.MgO and IQO may be included 
in the oomposlfion in addition to silicon, sodium, calcium and phosphorus 

10 oxides. The B2O3 may be present In an amount of about 0 to 10 % by 
weight, the i^O may be present , In an amount of about 0 to about 8 % by 
weight, the A1203 may be present in an amount of about 0 to about 4 % by 
weight, the MgO may be present in an amount of about 0 to about 5 % by 
weight and the CaF2may be present in an amount of about 0 to about 30 % 

15 by weight. 

P)D37] One preferred glass is Bioglass® 45S5, which has a compo^on 
including about 45 % by weight silicon diralde (SIQ2), about 24.5 % by 
weight sodium oxide (NazO). about 6 % phosphonjs oxide (PzOs). and about 
20 24.5% by weight calcium oxide (GaO). 

[DOSai The bioactive glass of the bioactive glass compositions may be 
used in either particulate or extract fbnm. Preferably, where particulate 
bioactive gless is used, particulate, non-Interlinked bioactive glass Is 
25 selected. This glass is in the form of small, discrate particles, rather than a 
fused matrix of particles or a mesh or fafcNic (woven or non-woven) of glass 
fibers. Under some conditions the discrete particles of the bioactive glass 
may tend to ding together because of electrostatic or other forces but these 
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particles are still considered to be norvlntartinked. Typically, the average 
particle stzB is about 90 microns or less. Preferably, the average particle 
size Is less than about 20 microns, or. mors prefsrablyi less than about 5 
microns, and even more preferably less than about 1 micron. Particle islze, 
S as used herein, is measurad by SEM or other optical microscopy 
techniques, or by laser light scattering tedinlques 0-e., using a Coulter 
counter). 

[D039] The bioactive glass may be prepared in any way Icnown to those of 
10 skill In the art. For example, the bioactive glass may be provided as melt- 
derived glass, sol-gel derived glass or sintered glass partldes. The sintered 
partides may be in sol-gel derived, or pre-reacted melt derived form. Melt 
derived glass typically Is prepared by mixing grains of oxides or carbonates, 
melting and homogenizing the mixtures at high temperatures, generally 
15 about 1250 to about 1400''C. The molten glass can be fritted and milled to 
produce a small particulate material. Sol-gel derived glass Is typically 
prepared by synthesteing an inorganic network by mbdng metal alk09ddes In 
solution, followed by hydrolysis, gelation, and low temperature (less than 
about 1000**C) flrli^ to produce glass. 

20 

10040] The bloacUve glass may also be used in extract form. An extract of 
bioacSve glass is a solution of tons derived from bioactive glass. T^icaliy, 
the solution of bioactive glass .comprises ions and sut^stanflally no parUcies. 
By solution is included solutions, suspensions and dispersions of bioactive 
25 glass. For example, an extract of bioactive glass may be fomried from a 
solution made by reacting bioactive glass partides in an appropriate solvent 
such as water or tris buffer for an appropriate amount of time to areata a 
solution of bioactive glass. The solution may then be filtered and used as a 
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bloactlve glass extract which is substantially partlde free^ The ratio of tons 
in solution will depend on the bioactlve glass starting material and the 
amount of lime ft reacts In solution. The ion ratios may be controlled by use 
of various bloactlve glass materials or by varying the reaction time. 

5 

[0041] The bloactlve glass or bloactlve glass extract typically vvHl be 
applied directly to hcrir in conjunction with a canler. The carrier may be 
aqueous or nonaqueous. The canier preferably will be aqueous, alcohol 
based or ottier organic carriers or combinations thereof. Alternatively, 

10 cosmetic compositions can be provided in the form of aerosol sprays, foams 
or gels. While the ratio of bloactlve glass to carrier is not critical, the 
bloactlve glass composition will typically be about 0.5 to about 
20 % of the total bioactive glass/carrier formulation. Including any optional 
components. Preferably, the amount of bloacth/a glass In the total 

IS composition will be about 2 to about 10%. 

[00421 Tlie bioactlve glass or btoactlvegla» extract cornposition generally 
will l>e provided In an effective hair-enhancing amount An effective, hair* 
enhandng amount is an amount capable of providing a thin film or coating 

20 on the hair of bioactive glass or Ions from the bloactlve glass whldi are 
believed to interact with ttie iceratin In the h^ to provide beneflclal qualities 
to the hair. Typically, these Ions will be calcium, silicon and/or phosphonjs. 
Other Ions which may be present, depending on the composiaon of ttie 
bioactive glass, include sodium, magnesium, potassium, zinc, copper or 

25 silver, among others. The thin film typically will be about 0.1 to about 5 
microns ttilcic Preferably, the thin film fbrnied on the hair will be about 0.3 
to about 2 microns thick. 
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[0043] Without being bound by any theory, It is believed that the 
application of bioadive glass or bloactlve glass extract composition 
according to the methods herein causes a layer of hydmxyapatite or other 
calcium phosphate crystals to form on the hair surface. Moreover, the ions 
S from the Uoacth/a glass are believed to penetrate layers of the 

hair to fbmn hydraxyapatlte crystals within the layers of the hair and may 
penetrate layers of the hair to fonn chemical bonds bridging the layers of the 
cuticle. 

10 [0044] The bloacth/e glass or bioactive glass extract ccmposition generally 
will be applied to the hair for a time suffident to treat the hain Typically, this 
time will allow a coating or film to fonn or precipitate onto the hair. The ions 
(n the coating may then interact with the hair to enhance the hair. In 
ganeral. the time needed is about the time typically used to shampoo flie 

IS hair, although a tonger time may be used. The methods for treating hair of 
the invention may invoiva use of a hair treatment fomiulation which is 
removed or washed off after use, or a hair treatment formulation such as a 
gel, mousse, cream, lotion, air Infosed styling foam or spray formulation 
which is left on after application. 

20 

JfHOAS} In one aspect of the invention, the bloactlve glass or bioactive glass 
extract is applied to hair in a carrier In a rinse type of formulation. In other 
aspects of the invention, the bioactive glass or bioactive glass extract 
composition is applied to hair In a shampoo or conditioner formulation. 
25 Such fonnulations are well imown In the art Application of the bioactive 
glass composition to the hair is believed to build body in the hair, and mal«a 
hair smooth and silky* The methods of the InvenUon may be used to 
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prevent or repair damage to the hair caused by mechanical, chemical or 
environmental factors. 

[0046] The hair traatment of the present invenficni msy also impart a 
5 beneficial antMnicrobial or antifungal acthAiy for the hair, scalp or sicln. 
Such treatment may be useful against microbes sudi as B. subtllis, 8. 
aureus. P. aureginosa, C. albicans. A. niger, E. cod. A. attemata, and C. 
xerosis. The hair treatment methods of the Invenfion may also be used to 
improve curi retention, color recepfivity, color jrtabliity, color retentton, shine, 
10 and/or strength. 

[0047] The hair treatment fonnulatlons of the present Invention may further 
comprise one or mora optional components known for use in shampoo or 
conditioning composiUonSt pro\rided that the optional components are 
IS physically and cliemically compatible with the bioadlve glass composition 
described herein^ or do not olhenvlse unduly Impair product stability, 
aesthetics or performance. Concentrations of swti optional components 
fy{ricaily range from about 0.001% to about 10% by weight of the tolal 
composition. 

20 

[0048] Optional components Include antl*slatic agents, dyes, organic 
solvents or diluents, peariescent aids, foam boosters, surfactants or 
oosurfactants (nonlonic, cationic, zwitterlontc), pediculocides, pH* adjusting 
agents, perfumes, presen/atives, proteins, sldn active agents, suspending 
25 agents, styling polymers, sunscreens, thickeners, vitamins, biotin, collagen, 
amino adds, protein hydrolyzates, herbals, penetration enhancers, 
permeation/binding agents, and viscosity adjusting agents. This list of 
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opfsonal components is not meant to be exdueive, and ottier optional . 
componente can be used. 

10049] The habr treatment methods of the invention preferably use 
5 compositions maintained at a pH appropriate for ttie parficuiar application. 
Typically, the pH will be below about 10; preferably, ttie pH will be betuveen 
about 3 and about 9. 

[0O5O] The invention wiD now be more fufly plained by the foUowtng 
10 examines. Ffowever, the scope cf the Invention is not intended to be limited 
to these examples. 

EXAMPLE 

[0051] Four composifions were prepared and tested to evaluate the use of 
IS bioacttve glass particulates, extracts and shampoo solutions. The bloactlve 
glass used was Blogiass^ 45S5 powder with a particle size less than about 
20 pm. These compositions are detailed In Table 1. Two control 
ftumulations were also prepared and tested. The first control formulation 
conesponded with Groups #1 and ^ and contained only trie buffer. The 
20 second control formulation correqionded virtth Groups #3 and #4 and 

cont£dned trie buffer and shampoo. These control formulations were viewed 
by SEM/EDS. with the results shown in Figures 8-10 and 17-19. 
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Table i 





Trfs Buffer 
{200 ml) 


Shampoo 
(0.5 CO) 


BioacHva 
glass (0.3 

g) 


BioacHve glass extract 
(200 mlof15wt% 
solution) 


Group 
#1 


✓ 




✓ 




Group 
#2 








✓ 


Group 
#3 


✓ 


✓ 


✓ 




Group 
#4 




✓ 




✓ 



Procedures: 

5 • 

[0052] Group #1 * tris buffer and bioacOve glass parfioulate 

1 . 200 ml of trfs buffer sofuflon was dellversd Into a 500 ml flask 
and placed Into a oontrolled temperature orbital ^aker set at ST'^C and 200 
RPM. 

10 2. 0.3 grams of bioacthrai glass parficnjIaiewW) a particle size less 

than about 20 pm was placed into the preheated solution. 

3. 0.25 grams of human hair was attached to a large piece of Inert 
glass mth a nibber barxJ and placed into the tris buffer/bioacfive glass 
suspension. 

IS 4. The sample was allowed to readl for 20 hours and then was 

removed and thoroughly rinsed with high purity deionlzed water. 
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S. The sample was flowed to dry and mounted for SEM/EDS 
analysis or used for FTIR analysis. 

[0053] Group #2 - bloacQva glass extract 
S 1 . 90.0 grams of bioactlve glass parQcuiate with a particle size less 

than about 20 iim and 510.0 mi of tils buffer solufion were allowed to vortsex 
in a 1000ml beaker for two iiours at room temperHture. 

2. The solution was then filtered to form a 15.0 wt. % bioactlve 
glass extract. 

10 a. 0.25 grams of human hair was attached to a large piece of inert 

glass with a rubber band and placed into the bioactlve glass extract solution. 

4. The sample was allowed to react for 20 hours and then was 
removed and thoroughly rinsed with high purity delonized water. 

5. The sample was allowed to dry and mounted for SEM/EDS 

IS analysis. 

[0054] Group #3 - tris bufier and bioactlve glass particulate with shampoo 

[p055] This procedure was identical to group # 1 with the addition of 0.5 cc 
of Suave Clarifying Shampoo with ammonium lauryl sulfate to ttie tis 
20 buffer/bioactiva glass suspension. 

[0056] Group #4 * bioacUve glass extract with shampoo 

[P057] This procedure was Identical to the group #3 procedure wifli the 
25 addition of 0.5 cc of Suave Clarifying Shampoo with ammonium lauiyl 
sulfate to the bioactlve glass extract solution. 
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Results: 

[0058] Group #1- tris buffer and bioadlve glass parQculato 

[0059] The SEM/EDS and FTIR results for group #1 are presented Iri 
S figures 1 , 2, 3 and 4. The SEM micrographs Indicate that a substantial film 
has been fomied on the hdr surface after reaction In trIs buffer and 
bioaciive glass pariiculato. Magnification to 450Dx Indicates that this film is 
non-untform In coverage of the hair surfeoe. The EDS analysts indicates 
the presence of SI, Ca, Na and P, which is not seen In the Group 1 and 2 
10 control in Figure 1 0. The presence of SI may Indicate that some bloacBve 
glass particulate may be present or that a soluble form of silicon has been 
Incorporated on the hair surfece. 

[P060] Group #2 - bioaciive glass extract 

15 

[0061] The SEM/EDS results for group #2 are presented in Figures 5. 6 
and 7. The SEM micrographs indicate that a film has been formed on the 
tttiir surface after reaction in trIs buffer and bioaciive glass extract solution. 
Magnificafion to 450Qx'a8 shown in Rgure 6 indicates that tMs film Is non- 
20 uniform In coverage of flie hair surfece. The film appeara to be more dense 
on the edges of the cutide scales of the hair stnjcture. Tlie EDS analysis of 
Figure 7 indicates the presence of Si, Ca, Na and P, which is not seen in the 
Group 1 and 2 control In Rgure 10. The presence of SI may Indicate that 
soluble form of silicon has been Incorporated on the hair surface, as there 
25 are no bloactive glass parades In this filtered solution. The presence of Alls 
an artiiiact due to the aluminum mount used for SEM/EDS analysis. 

10062] Group #3 - tris buffer and bioacUva glass particulate with shampoo 



-17- 



r- r 

WO 03/075869 PCT/US03/07087 



[0063] The SEM/EDS results for group #3 are presented In Figures 11,12 
and 13. The SEM micregrephs Indicate ttiat a transparent fllm has been 
fonned on the hair surface after reaction In the tris buRier. bloactlve glass 
particulate and shampoo mixture. Magnification to 450Qx in Rgure 12 

S indicates that this fflm is uniform In coverage of ttie hair surface. Tiie linear 
cracks seen In the micrographs were fonned during the SEM anaiytis. 
These cradcs could be seen growing as the Image was focused In the 
process of acquiring the micrograph. The EDS analysis Indicates the 
presence of Si, Ca, Na and P. which Is not seen in the Group 3 and 4 

10 control in Figure 19. 

[0064] Group #4 bloactlve glass exfract with shampoo 

[0065] The SEM/EDS results for groiq) #4 are presented In Figures 14, 1 5 
15 and 1 6. The SEM micrographs indicate that a transparent fllm has been 
formed on ttie hair surface after reacBon in the trie buffer, bloactlve glass 
extract and shampoo mixture. Magnification to 4500x in Figure 15 indicates 
that this fflm is uniform in coverage of the hair suriiace. ITie linear cracks 
seen in the micrographs ware formed during ttie SEM analysis. Tiiese 
20 oadcs could be seen growing as the image was focused in the process of 
acquiring the micrograph. The extent of the cracking was less for this group 
than seen for the group #3 sample. The EDS analysis Indicates the 
presence of SI, Ca, Na and P, which Is not seen in the Group 3 and 4 
control in Figure 1 9. The EDS analysis also indicates that this transparent 
25 film Is thicker for this groups than the group #3 sample Indicated by the 

significant reduction In the S peak at 2.30 keV and the significant increase In 
fte alpha Ca peak at 3.75 keV. This Increase in thickness could explain the 
reduction In cracking seen for this group as compared to the group #3 
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sample. The cause for this difference in ttifdcness and dimensiomi stability 
of this transparent layer Is unknown at this time. 



[0066] The data presented Indicates that lx)thbIoactivB glass suspensions 
5 and extracts In Iris buffer groups #1 and #2) have flie ability to deliver 

calcium, phosphorus and sifioon to the hair surface. The 8EM/EDS analysis 
indicates that a non-oontinuoua film is being formed on the surface of the 
hair and Is thicker on the edges of the cuticle scales of the hair structure. 
The FTIR analysis from group #1 shown in Figure 4 indicates that ttie 

10 calcium and phosphorus are In the form of crystalline hydroxyapafite. The 
data also indicates that the morphology of this film chartges lArtth the addition 
of a commercial shampoo. The resulting film Is continuous and transparent 
In nature, as seen with Groups #3 and #4. The EDS analysis indicates that 
this film contains calcium, phosphorus and silicon and Is thicker in the 

IS extract solution Group #4 than the suspension group #3 mixed with 

shampoo. Thus, the data shows that bioactive glass Interacts with human 
hair. 

[0067] While the Invention has been described wSh piafenned 
20 emt)odIments, It Is to be understood that variations and modtflcattons may 
be resorted to as wiH be apparent to those skDIed in the art 



